Abstract. The main vector of malaria in sub-Saharan Africa, Anopheles gambiae, is subdivided into five chromosomal forms. Three of them (i.e., BAMAKO, SAVANNA, and MOPTI) are found in sympatry in Mali, where MOPTI can be distinguished from the other two forms based on differences in the ribosomal DNA locus. However, no molecular markers are available to distinguish BAMAKO from SAVANNA. We examined the banding patterns of 139 amplified fragment length polymorphism primer combinations in an attempt to identify diagnostic differences between SAVANNA and BAMAKO. Despite screening > 10,000 bands, no diagnostic differences were found. However, additional AFLP analyses indicated that BAMAKO is genetically differentiated from SAVANNA, with a significant ⌽ st value of 0.072. This could indicate that gene flow between these forms is restricted in at least some portion of the genome and the lack of identifiable fixed differences between the two forms is probably due to their recent origin.
INTRODUCTION
Anopheles gambiae sensu stricto is the principal vector of human malaria in sub-Saharan Africa. It has developed the highest degree of synanthropy, i.e., the ability to exploit anthropogenic breeding sites, feeds almost exclusively on human blood, and bites and rests indoors. Genetic discontinuities within West African populations of An. gambiae have been described by Coluzzi and others based on analysis of polymorphic inversions on the right (2R) and left (2L) arms of chromosome 2.
1,2 These studies led to the description of five chromosomal forms (named with a non-Linnean nomenclature FOREST, SAVANNA, MOPTI, BAMAKO, and BISSAU). These forms are characterized by adaptation to different ecologic settings.
Molecular discontinuities were discovered in the ribosomal DNA (rDNA) region of An. gambiae, 3 and two molecular forms (provisionally named with a non-Linnean nomenclature M form and S form) were defined on the basis of single nucleotide differences in the intergenic spacer and internal transcribed spacer regions. 4, 5 The relationship between chromosomal and molecular forms has been shown to vary along their range of distribution, but in Mali and Burkina Faso, the molecular form M corresponds to the chromosomal form MOPTI, whereas the SAVANNA and BAMAKO chromosomal form are of the S molecular type.
Hybrids between the M and S forms are rarely encountered in nature, [6] [7] [8] which indicates strong barriers to gene flow. Additional studies have shown that microsatellites located close to the rDNA on the X chromosome are significantly differentiated between the M and S forms. [9] [10] [11] [12] [13] Loci on the 2R, which are located close to or inside the inversions that characterize the chromosomal forms, are also significantly differentiated between BAMAKO and MOPTI, whereas other loci are not. 12, 13 However, two other studies did not find diagnostic differences in 13 genes located throughout the genome. 5, 14 Therefore, it appears that fixed differences between SAVANNA/BAMAKO and MOPTI are limited to very few areas of the genome, although genetic differentiation, i.e., differentiation in allele frequencies due to restricted gene flow or selection between the BAMAKO and MOPTI forms extend to a larger area of the second chromosome. The level of reproductive isolation between the Bamako and Savanna chromosomal forms is unclear. Inversion karyotypes indicative of putative hybrids between the forms are underrepresented, 15 but this could be caused by selection acting on inversions. However, other studies suggest that some isolation between these forms exists. Taylor and others investigated genetic differentiation of microsatellite loci between a BAMAKO and SAVANNA population and reported significant overall differentiation, with higher differentiation of second chromosome loci. 6 Unfortunately, these investigators did not report whether significant differentiation was detected outside the second chromosome. Additionally, the study compared populations 380 km apart, which could have contributed to the observed differentiation. Perhaps the strongest evidence for reproductive isolation between the BAMAKO and SAVANNA chromosomal forms comes from observations that the kdr allele, which confers resistance against pyrethroid insecticides, was present in SAVANNA in two villages in Mali at frequencies of up to 62%, whereas it was not found in sympatric BAMAKO populations. 16 Notably, the kdr allele is located on the 2L chromosome and is therefore not linked to the chromosomal arrangements on the 2R that define the chromosomal forms.
The three forms present in Mali vary in their geographic and temporal distributions, as well as in ecologic preferences: SAVANNA is fully dependent on rainfall for its breeding and disappears during the dry season; BAMAKO is primarily associated with the riverine zones of the upper Niger River and breeds mostly during the mid-late rainy season; and MOPTI breeds in flooded plains and irrigated fields, and is the only form found during the dry season, extending the malaria season. 15 From a biomedical perspective, although the three forms do not show significant differences with regards to sporozoite rate and anthropophily, the process of ecotypic differentiation and niche partitioning increases the diversity of the vector system and its flexibility in exploiting the environmental resources, likely resulting in an increased stability of the overall vectorial capacity. 15 Moreover, the presence of the kdr allele in SAVANNA populations and not in the two sympatric chromosomal forms highlights the relevance of the differentiation process ongoing within An. gambiae also from the malaria vector control perspective.
It is thus clear that investigations aimed at increasing our knowledge of the biology, ecology, and vectorial capacity of these malaria vectors depends crucially on our ability to identify the three chromosomal forms. However, the sole technique so far available to differentiate between them is polytene chromosome analysis. This approach has severe limitations because it can only be performed on blood fed females in a half-gravid stage of ovarial development and requires trained cytogenetists to interpret the banding patterns.
Amplified fragment length polymorphiasm (AFLP) analysis 17 has become a popular tool for population genetic studies and is also frequently used to study genetic differentiation, 18 identify loci under selection, 19 and investigate phylogenetic relationships between closely related taxa. 20 One of the strengths of AFLP analysis is the ability to sample large numbers of loci that are randomly distributed across the genome, without prior knowledge of the genome of the investigated species. The large number of markers typically scored in an AFLP analysis increases the possibility of detecting differentiation between closely related taxa, whose genomes may have only a few differentiated regions. AFLP markers have also been used to identify diagnostic differences between putative species.
We present results of AFLP analyses performed on several mosquito populations of BAMAKO and SAVANNA from Mali with the aim of finding diagnostic differences between these two chromosomal forms. Additionally, we measured overall levels of genome wide genetic differentiation between all three chromosomal forms in Mali to examine if significant differences in gene frequencies are present between the BAMAKO and SAVANNA chromosomal forms. All field specimens used in this study were collected in the following localities in Mali, where at least two chromosomal forms are known to be sympatric: Moribabougou (1996 and 2000) , N'Gabakoro Droit (1999), Banambani (1996 and 2000) , and Fanzana (2001). Additional DNA samples were kindly provided by Gregory Lanzaro (University of California, Davis, CA). These were collected in the following localities: N'Gabakoro Droit (1999), Selenkenyi (1993), Soulouba (1996), and Pimperena (1997). To improve our sample size, more than 500 females were collected in 2001 from six other villages in Mali. Unfortunately, only a few samples from one of the six locations (Balama) yielded material suitable for karyotyping, and these were included in the study. Collection sites are shown in Figure 1 .
MATERIALS AND METHODS

Study
Polytene chromosome analyses. Abdomens of half-gravid females were preserved in Carnoy's solution. Ovaries of these specimens were prepared for chromosomal analysis using the procedure of della Torre. 21 The remainder of the specimens was preserved in alcohol for DNA extraction. Inversion karyotypes were scored using a phase-contrast microscope according to the procedure of Coluzzi and others.
22
Molecular methods. DNA was extracted from the head and thorax by the procedure of Post and others. 23 AFLP analysis was performed by the procedure of Vos and others. 17 Briefly, genomic DNA was digested with Eco RI and Mse I restriction enzymes. DNA fragments were ligated with Eco RI and Mse I adaptors, and a pre-selective polymerase chain reaction (PCR) was performed using two primer combinations that annealed to the Mse I and Eco RI adaptors plus an additional nucleotide; M-C + E-A and M-G + E-A. Selective PCRs were performed on the diluted product of the pre-selective PCR using a fluorescently labeled Eco RI and unlabeled Mse I primer. The Eco RI primers contained three selective nucleotides, whereas the Mse I primer contained either three or four selective nucleotides.
Three sets of samples (Table 1) were screened for diagnostic differences using various AFLP primer combinations. A list of these is available from the authors upon request. Although in most cases the samples from each village used in the larger sample sets include those samples that were used for the smaller sets, this was not always the case. In a few instances not enough DNA was available and the samples were substituted. Sample set 4 ( Table 1 ) was run on the following five primer-combinations: M-GAA + E-AGT, M-GAC + E-TGG, M-GAT + E-TAG, M-GTC + E-TGC, and M-GTT + E-AGA. Selective PCR products were subjected to electrophoresis on an acrylamide gel using an ABI 373 automated sequencer (Applied Biosystems, Foster City, CA).
Data analyses. The AFLP data were collected using Genescan software (Applied Biosystems). Banding patterns were examined visually for the presence of diagnostic bands. Bands from the analysis on sample set 4 were assigned a size within a one-basepair range using Genotyper (Applied Biosystems). Analysis of molecular variance (AMOVA) was performed on this data set using the GENALEX software version 5 24 by the procedure by Excoffier and others. 25 This software package was also used to calculate ⌽ st values. These statistics are estimated using AMOVA based on genetic distance, and are analogous to F st s, with the advantage that there is no assumption of Hardy-Weinberg equilibrium. This is important because this assumption cannot be tested for dominant markers. The number of permutations used to estimate p values was 999.
Principle component analysis (PCA) was performed using NTSYS version 2.10j. 26 Population assignment tests were performed using AFLPOP version 1.1, 27 which is specifically designed to handle AFLP data. We used the re-allocation procedure, which estimates the expected allocation success rate for each of the source populations. Using this procedure, each specimen was withdrawn from its population of origin (i.e., its chromosomal form), and subsequently assigned to one of the three chromosomal forms. Zero frequencies were replaced with 0.001 to allow for a small amount of error in the data and the minimum log likelihood difference used was 0. 27 
RESULTS
Screen for diagnostic differences between BAMAKO and SAVANNA. Initially, 21 mosquitoes from a SAVANNA and a BAMAKO colony were screened using 48 AFLP primer combinations. Primer sets that produced bands that differentiated between the two forms were later tested on fieldcollected mosquitoes. However, none of these bands proved diagnostic for the field-collected SAVANNA and BAMAKO specimens. That is, no bands were found that were always present in one chromosomal form and always absent in the other. Based on a random sample of 10 primer combinations, each set of primers produced 39.5 distinct bands on average (range ‫ס‬ 30-77) in these samples. Assuming that each band represented an independent locus, approximately 1,900 loci were screened for diagnostic differences using these laboratory colonies. The assumption that each band represents a distinct locus is not necessarily correct. For example, Vekemans and others 28 suggested that size homoplasy of AFLP bands is quite common, although their study concerned single bands representing multiple loci, rather than multiple loci Banambani  10  5  5  20  -7  7  5  --5  3  Moribabougou  --3  ----18  --8  1 5  N'Gabakoro Droit  ---4  1 4  --17  ---18  Fanzana  -------3  ---14  Selenkenyi  3  --3  1 4  3  6  6  ----Balama  ---7  -------3  Soulouba  20  5  5  14  2  --1  ----Pimperena  ---14  -------1  Total  33  10  13  62  30  10  13  50 13 55 producing more than one band. Our estimate of the number of loci may be a slight overestimate.
It is well known that samples obtained from mosquito laboratory colonies contain significantly less variation than natural populations. 29, 30 Therefore, we continued our screen directly on field-collected samples when sufficient fieldcollected specimens from both chromosomal forms were obtained. This set included 30 BAMAKO and 33 SAVANNA specimens from various locations in Mali (set 1, Table 1 ). Samples from several locations were included to increase the probability that any identified fixed differences are present throughout the distribution of these chromosomal forms. However, no diagnostic differences were found between these BAMAKO and SAVANNA samples using 34 different primer combinations.
Given our lack of success in finding diagnostic differences, and to expedite subsequent screening of AFLP markers, we continued with a smaller subset of samples. This set included 10 BAMAKO and 10 SAVANNA specimens (set 2, Table 1) , and was used to screen 39 additional primer combinations. None of these yielded any diagnostic differences between the BAMAKO and SAVANNA samples. Subsequently, we included 13 field-collected MOPTI specimens (set 3, Table 1 ), to investigate if AFLP markers could be identified that distinguish between SAVANNA and MOPTI. This set was used to screen an additional 18 primer combinations. No diagnostic differences between BAMAKO and SAVANNA could be identified using these primers, nor were any diagnostic differences found to distinguish the MOPTI from SAVANNA and/ or BAMAKO.
Based on an analysis of 10 randomly chosen primer sets, each primer set that was run on the field-collected samples produced an average of 121 distinct bands (range ‫ס‬ 56-154). A total of 91 primer combinations were screened on fieldcollected samples. If it is assumed that each band represents a distinct locus, we screened approximately 11,000 loci on field-collected samples. If we include the approximately 1,900 loci that were screened on the colony samples, approximately 12,900 loci were examined in this analysis. Since we used a four-basepair and a six-basepair cutter restriction enzyme, and since the primers contained either three or four selective nucleotides, each band screened 16 or 17 basepairs for nucleotide substitutions. If the assumption that each band represents a distinct locus is correct, we have screened approximately 213,700 basepairs for diagnostic nucleotide substitutions between the BAMAKO and SAVANNA.
Genetic differentiation among the three chromosomal forms. To examine levels of genetic differentiation between the BAMAKO, SAVANNA and MOPTI chromosomal forms, we ran AFLPs on a larger sample of 50 to 62 specimens from each form (set 4, Table 1 ) using five primers sets. These primer sets were selected based on the quality of their amplification and the number of bands present in the profiles. These five primers produced 587 bands. The GENALIX software that was used to estimate levels of genetic differentiation between forms cannot handle more than 256 loci. Therefore, we removed bands that were observed less than fives times in all the samples. Our reasoning behind this was that these bands are the most likely to represent artifacts (i.e., noise). Additionally, removal of these bands will have little effect on our estimates of genetic differentiation because of their very low frequency. After removal of these bands our data set contained 166 loci.
An AMOVA of the complete data sets indicated that 10% of the observed variation is between chromosomal forms, whereas 90% was shared. Based on ⌽ st values, all three forms are significantly differentiated from each other ( Table 2) . Differentiation is lowest between BAMAKO and SAVANNA, while BAMAKO and MOPTI are the most differentiated forms, and the ⌽ st value for SAVANNA and MOPTI is intermediate. Unfortunately, we were not able to obtain large numbers of samples from all forms from the same locality. Therefore, these results include samples from various locations. However, significant differentiation was also observed between BAMAKO and SAVANNA in Banambani and N'Gabakoro Droit (comparison 4 and 5, Table 2 ), even though samples sizes were small for at least one of the forms in each comparison (n ‫ס‬ 5 and 20 in Banambani and n ‫ס‬ 17 and 4 in N'Gabakoro Droit for BAMAKO and SAVANNA, respectively). Three of the collection sites are located in close proximity to each other. N'Gabakoro Droit and Moribabougou are within 8 km of each other, whereas Banambani is within 90 km of both. To avoid confounding effects caused by differences in collection sites for some of the specimens, ⌽ st values were also calculated using specimens collected from these sites only (Table 2 ). The results of this analysis are similar and portray the same picture. Differentiation is largest between BAMAKO and MOPTI, followed by MOPTI and SAVANNA, and finally BAMAKO and SAVANNA.
Genetic differentiation was also examined within forms between those populations for which at least 14 specimens were available. No significant differentiation was detected between the two BAMAKO populations (N'Gabakoro Droit and Moribabougou), nor between the three MOPTI populations (N'Gabakoro Droit, Moribabougou, and Fanzana). As noted above, N'Gabakoro Droit and Moribabougou are within a few kilometers of each other and the lack of genetic differentiation between these localities is not surprising. Fanzana is located approximately 180 km from N'Gabakoro Droit and Moribabougou, but no genetic differentiation was detected between this locality and either of the other two localities with the MOPTI form (comparison 11 and 12, Table 2 ). Sufficient SAVANNA samples were available from three locations (Pimperena, Soulouba, and Banambani), which are located within 150-340 km of each other. In contrast to the lack of differentiation within the MOPTI form, significant differentiation was detected between all three localities within the SAVANNA form (Table 2) .
To examine how many loci are responsible for the observed differentiation between the chromosomal forms, ⌽ st values were also calculated for all 166 loci individually. This analysis was performed using all 167 specimens. Of the 166 loci, 36 were significantly differentiated between BAMAKO and SAVANNA, 38 between MOPTI and SAVANNA, and 62 between BAMAKO and MOPTI. The lowest ⌽ st values observed for individual loci for all comparisons was 0, and the highest were 0.718, 0.656, and 0.791 for BAMAKO-MOPTI, BAMAKO-SAVANNA, and SAVANNA-MOPTI, respectively.
It should be noted that the number of differentiated loci is an overestimation. Based on ␣ ‫ס‬ 0.05, 8.3 loci are expected to be significantly differentiated by chance alone. We did not apply a Bonferroni correction because setting the probability of a type I error for any locus at 0.05, i.e., ␣ ‫ס‬ 0.0003 for individual loci, would dramatically increase the probability of a type II error. In any case, the maximum number of permutations the GENALEX software allows for estimating p values is 999, and therefore an estimation of p values beyond three decimal points is not possible.
A principle component analysis (PCA) was performed using the same data set. The first three principle components represented 26.2%, 5.5%, and 3.5% of the variation, respectively. The cluster of BAMAKO and SAVANNA specimens largely overlapped and could not be distinguished from each other. However, the second principle component separates most of the MOPTI specimens from the BAMAKO and SAVANNA specimens, with the exception of five MOPTI specimens that cluster with BAMAKO/SAVANNA.
Finally, a population assignment test was performed to examine if the specimens could be assigned to the correct chromosomal form based on these five AFLP primer sets. Of 50 BAMAKO specimens, 44 were correctly assigned to the BAMAKO form (88%), with the remainder being assigned as SAVANNA. Of 62 SAVANNA specimens, 52 were assigned to correct form (83.9%), and the remaining 10 specimens were assigned to the BAMAKO form. Of 55 MOPTI specimens, 51 were correctly assigned (92.7%), and 2 specimens were assigned to both BAMAKO and SAVANNA.
DISCUSSION
A large number of AFLP primer combinations were screened for diagnostic differences between the BAMAKO and SAVANNA chromosomal forms. If we assume that each observed band represents an independent locus, approximately 13,000 loci were screened. This translates to approximately 1 marker/20 kb. However, this number is likely an overestimation because some bands could have been artifacts, i.e., noise, or some loci may produce multiple bands due to the presence of indels. However, the number of loci screened in this study was substantial. We did not observe any diagnostic differences between BAMAKO and SAVANNA.
Previous attempts to find diagnostic differences in coding and intron sequences of several genes between BAMAKO and SAVANNA also failed, 5, 14 although these studies examined a much smaller number of loci. To date, the only way to distinguish BAMAKO is by the presence of the fixed 2Rj, 2Rc, 2Ru, and the polymorphic 2Rb inversions. 15 Considering that inversions suppress recombination, and are likely to be monophyletic, 31 fixed nucleotide substitutions might be expected to be more prevalent inside inversions than elsewhere in the genome. Although the 2Rj inversion can be found in SAVANNA, none of the SAVANNA specimens we used carried it; therefore fixed nucleotide substitutions in this inversion might have been expected. The 2Rj inversion incorporates approximately 4.5% of the genome, and therefore approximately 4.5% of the number of screened loci is expected to be located within its breakpoints. Although inversions are expected to suppress recombination, double recombination events can reduce linkage between the inversion and loci located within it. 32 However, such events should be relatively rare, especially if one considers the low frequency of the 2Rj inversion in the SAVANNA chromosomal form.
A smaller number of AFLP markers (∼ 2,000) was also screened for diagnostic differences between the MOPTI and BAMAKO/SAVANNA. Our AFLP analysis did not detect fixed differences between these chromosomal forms. To the extent that they overlap with the M and S molecular forms, their reproductive isolation is better established based on fixed differences in the rDNA, and the low number of adult hybrids observed between the molecular forms (0.05-0.30%). 4, 7, 33 However, fixed genetic differences appear to be limited to a small region on the X chromosome, [34] [35] [36] and possibly two small regions on the second chromosome. 36, 37 It is therefore possible that not enough markers were tested to identify the presumably very few fixed nucleotide differences between the MOPTI and the BAMAKO/SAVANNA chromosomal forms.
The AFLP markers have been used successfully to identify diagnostic differences between numerous species of plants, fungi, and animals, including many that hybridize. [38] [39] [40] [41] [42] For example, Kai and others 38 using six AFLP primer sets identified five loci that together are diagnostic for three sympatric morphotypes of Sebastes inermis, the black rockfish. Garzón and others 41 were able to distinguish between several
Phythium species using only a single primerset, yielding 399 fragments. These investigators were also able to show distinct differences in patterns of intraspecific variation between species. Several possible explanations can be offered for our lack of success in identifying fixed differences between the BAMAKO and SAVANNA chromosomal form. The AFLP method may not be robust enough to reliably produce all the bands present in certain individuals. However, it has been shown that AFLP generally produce very repeatable and reliable results. 43 Another potential problem with using AFLP to identify diagnostic differences is the potential for size homoplasy. In studies of population structuring, this normally leads to an underestimation of genetic differentiation, but it can also reduce the probability of identifying fixed differences between forms. Although this may have played a role, it cannot explain why no fixed differences were observed if many were present.
It is also possible that no reproductive isolation exists between SAVANNA and BAMAKO. Considering the evidence for the adaptation of several 2R inversions in An. gambiae to environmental conditions such as aridity level, 22 it is conceivable that differences in inversion frequencies could be maintained by selection against heterokaryotypes, and that BAMAKO is in fact a form of SAVANNA. However, if reproductive isolation exists between BAMAKO and SAVANNA, our data suggest that the forms separated very recently, with little time to accumulate fixed differences. Our data indicate that SAVANNA and MOPTI are more differentiated than BAMAKO and SAVANNA. Since only few areas of the genome are known to contain fixed differences between the M and the S forms, 5,34-37 it should not surprise us that no fixed differences could be found between the BAMAKO and SAVANNA chromosomal forms. The DNA micro-array technology that has recently become available for An. gambiae might be able to shed more light on this issue. Although the high cost of this technology could make it impractical for testing large numbers of samples, it could be used to identify potential markers, which subsequently could be tested on a larger sample using different methodologies.
Although our attempt to identify diagnostic differences between BAMAKO and SAVANNA using AFLP markers failed, we did observe significant genetic differentiation between the two chromosomal forms. Admittedly, due to limits on the availability of samples, the sampling scheme for this study was less than optimal. However, when comparing genetic differentiation between BAMAKO and SAVANNA in Banambani and N'Gabakoro Droit, significant differentiation was found between the forms, even though sample sizes were small for one of the forms in both localities. Also, when combining the samples from N'Gabakoro Droit and Moribabougou with those from Banambani, located approximately 90 km away, genetic differentiation was highly significant between forms. It is true that we also observed genetic differentiation within the SAVANNA form, but it was less and the geographic distances were 1.7-3.8 times larger.
The inversions found in BAMAKO are also present in the SAVANNA form, although at different frequencies and in different combinations. Whereas BAMAKO is polymorphic only for the 2Rb inversion, SAVANNA is polymorphic for all the 2R inversions. That is, SAVANNA populations are more heterogeneous with respect to the 2R inversions. If, as is generally assumed, most inversions are monophyletic and if recombination between inverted and non-inverted chromosome regions is suppressed, loci inside the inversion breakpoints will differentiate between inverted and non-inverted individuals, even in the absence of reproductive isolation between groups. The four inversions on the 2R span approximately 10% of the genome, whereas approximately 22% of the loci we studied are significantly differentiated between BAMAKO and SAVANNA. It therefore seems unlikely that the presence of the inversions at different frequencies in the two forms is responsible for the observed number of differentiated loci. However, since we do not know where in the genome the loci are located, we cannot rule this out.
Our results indicate that BAMAKO is more similar to SAVANNA than to MOPTI: the ⌽ st values between BAMAKO and SAVANNA were lowest, and PCA was not able to differentiate samples of both forms, while most MOPTI specimens were clustered separately. Furthermore, the population assignment test assigned all misclassified BAMAKO specimens to the SAVANNA form, and all but one of the misclassified SAVANNA specimens to the BAMAKO form. Finally, the number of differentiated loci between BAMAKO and MOPTI is much lower than between BAMAKO and MOPTI.
This does not correspond to the observation by Taylor and others 6 that levels of microsatellite differentiation were higher between BAMAKO versus SAVANNA than between SAVANNA and MOPTI. However, in that case the BAMAKO and SAVANNA populations used were 380 km apart and this may have affected the estimate. Our observations correspond largely with what other studies have shown. The chromosomal forms were described based on the frequency of 2R inversions, with only individuals carrying certain inversion combinations in H-W equilibrium, 15 and with a marked deficiency of hybrids between forms. Karyotypes that could represent hybrids between BAMAKO and SAVANNA, as well as between SAVANNA and MOPTI, were observed regularly, whereas karyotypes that could represent hybrids between BAMAKO and MOPTI were almost absent. 15 Additionally, the BAMAKO and SAVANNA forms share the rDNA S pattern. 34 This clearly points to a closer relationship between BAMAKO and SAVANNA.
Two previous studies have investigated levels of gene flow between BAMAKO and MOPTI. Lanzaro and others 12 compared levels of differentiation in microsatellites located on the 2R and elsewhere in the genome. Loci on the 2R had highly significant F st values ranging from 0.042 to 0.089 between various populations of MOPTI and BAMAKO, whereas few other loci showed any significant differentiation between forms. Similarly, Tripet and others 13 compared microsatellite loci located inside the j inversion with loci located on the third chromosome. Differentiation of loci inside the j inversion was highly significant between all BAMAKO and MOPTI populations, with F st values ranging from 0.046 to 0.134. Only few comparisons showed a significant differentiation of 3 rd chromosome loci, the highest F st value being 0.028. Finally, Taylor and others 6 based on 21 microsatellite markers, reported an F st value of 0.073 between SAVANNA and BAMAKO.
Our estimates of ⌽ st , an F st analog, are somewhat higher than the F st values estimated for microsatellite differentiation between MOPTI and BAMAKO. Our estimates of the level of differentiation between BAMAKO and SAVANNA, cor-respond closely to those reported by Taylor and others. 6 Our results therefore indicate that AFLP analysis is a useful tool for detecting differentiation between these closely related populations.
It has been proposed that some species of the An. gambiae complex, as well as the various forms of An. gambiae s.s., have genomes that are mosaics. That is, various parts of the genomes show different levels of differentiation due to differences in the levels of gene flow and introgression. 35, 36, [44] [45] [46] Our observation that only a subset of loci are differentiated is consistent with this idea.
The samples included in our analysis were not all collected in the same year. It has been shown however that effective population sizes of An. gambiae in Mali, as well as in Kenya, probably range in the several thousands. 6, 47 Therefore, allele frequencies of neutral markers in An. gambiae are unlikely to vary substantially over the course of a few years.
Our lack of success in identifying fixed differences between natural populations of BAMAKO and SAVANNA is consistent with the recent origin of these chromosomal forms, as already hypothesized by Touré and others. 15 The observed differences in gene frequencies for a subset of the studied loci, could indicate that gene flow is prevented in some areas of the genome between BAMAKO and SAVANNA, although we cannot rule out that the observed differences are due to differences in inversion frequencies.
